Abstract: An introduction of a kilometer tax for heavy goods vehicles can be constrained by the risk of that higher production costs than competitors in other countries will negatively affect regions and industries of policy concern. We estimate factor demand elasticities in the Swedish manufacturing industry using firm level data for the 1990-2001 period on input prices and quantities. The results show that the introduction of a kilometer tax for heavy goods vehicles decreases transport demand and increases labor demand. The effects are less pronounced in terms of changes in output, though some industries (e.g. wood, and pulp-and paper) can be expected to be affected more than others due to their dependence on road freight transport. The regional dimension regarding the consequences of a kilometer tax seems to be small or even non-existing. 
Introduction
The purpose of this paper is to examine effects of a kilometer tax, levied on heavy goods vehicles in Sweden, on the Swedish manufacturing industry's factor demand and output. We employ the analysis on different industry sectors and regions. The comparison between industries and regions give insights on the relative sensitivity and thereby provide policy relevant knowledge. The regional aspects are important in a Swedish policy perspective due to that Sweden is a large and stretched out (elongated) country. The focus on road transport intensive industries is motivated by the fact that these can be expected to be most affected by an implementation of a kilometer tax.
A kilometer tax implemented at levels discussed by the Swedish Road Tax Commission (SOU 2004:63) may, for some industry sectors, cause the price of heavy goods road transports to drastically increase. 1 Hence, depending on the cost share for road transportation and the substitution possibilities, it has the potential to noticeably increase the cost of production for some industries and regions. We estimate elasticities for output and factor demand and analyze how sensitive the supply of output (production) and the demand for labor, capital, electricity, fuels, and transport are to price changes.
The introduction of taxes in the transport sector is typically motivated by a mix of allocation and fiscal reasons in line with Pigouvian 1 Assuming tax levels based on a national weighted average of short-term marginal external costs for countryside (82per cent) and city (18per cent) for a heavy goods vehicle with an engine fulfilling EURO 2. This means a kilometer tax level of 3.67 SEK per vehicle kilometer for a 60 tonne vehicle. Assuming a cost per kilometer before tax of 13.50 SEK per vehicle kilometer, this corresponds to 27 per cent. At present, most trucks are found in EURO 2. At the earliest possible time for an introduction of a kilometer tax, EURO 3 to 4 can be expected to be the most common classes, which will imply lower tax levels. (Pigou, 1924) and Ramsey taxation (Ramsey, 1927; Mirrlees, 1971; Diamond and Mirrlees, 1971) , respectively. In the particular case of a kilometer tax, the Pigouvian rationale is fundamental and well motivated since it internalizes externalities that are not sufficiently accounted for in present prices, including other taxes. The relevant externalities to internalize are primarily emissions to the air except carbon dioxide (CO 2 ) emissions, since part of the diesel tax is a CO 2 tax specifically targeted on CO 2 emissions and correlate perfectly with carbon content of the fuel, and road deformation, according to the suggested differentiation of the tax. For heavy goods vehicles, emissions and road deformation are both highly correlated with transport distance.
Existing studies of the demand for road freight by heavy goods vehicles have been surveyed by Oum et al. (1992) and Graham and Glaister (2002) , who also point to the importance of accounting for firm output decisions. We adopt the approach in a recent paper by Hammar et al (2008) that analyze the consequences of a kilometer tax on the Swedish by introducing transportation as an input in a factor demand model. The paper is structured as follows. In the next section we present the empirical strategy, which includes our modeling approach and presentation of data. Thereafter we present simulations using estimated elasticities for different scenarios associated with an introduction of a kilometer tax. The final section concludes. The regional analysis is based on the NUTS 2 regions (see map in The present model is based on standard micro-economic foundations. We assume (a) that the objective of each individual firm is to maximize profits, (b) that each individual firm operates in a competitive environment, 3 and (c) that each individual firm has access to a technology that transforms a number of inputs into a single output. Assumption (a) implies, inter alia, that the firm chooses production level and input demands 2 The Nomenclature of Territorial Units for Statistics (NUTS) is a geocode standard for referencing the administrative division of countries for statistical purposes. The standard, developed by the European Union, thus only covers the member states of the EU in detail (see also: Regions of the European Union); Eurostat also devised a hierarchy for the 10 countries which joined the EU in 2004, but these are subject to minor changes. The NUTS divisions do not necessarily correspond to administrative divisions within the country. The acronym is derived from the French name for the scheme, nomenclature des unités territoriales statistiques. simultaneously. Furthermore, assumption (b) implies that all input and output prices are exogenous to the firm. Assumption (c) implies that we can describe the technology with a production function.
More specifically, we assume that the firms use an input vector x = [x 1 ,…, x n ] to produce a single output q. Denote the corresponding input price vector as w = [w 1 ,…, w n ], and the output price p. Then, given the assumptions above, we can write the profit function for a representative firm as:
where q* and x* are the profit maximizing output and input choices.
The profit function in (1) has the usual properties, implying it is increasing in p, non-increasing in w, homogenous of degree 1 in p and w, and convex in (p, w). Applying Hotelling's lemma to equation (1), we obtain supply and demand as functions of all prices, that is:
[ ]
In order to obtain an operational form of the demand system we need to specify a functional form for the profit function. The chosen functional form should put as few restrictions as possible on the technology, but still be operational from an econometric point of view. Furthermore, for suitable parameter values it should satisfy the properties associated with a profit function (given by micro-economic theory). In the present study we have chosen to use the normalized quadratic profit function (which entails a fully However, this is a general problem in this kind of analysis.
In this paper we have chosen the latter approach due to the differences in road transport intensity between the sectors and regions -it would be too restrictive to impose the same parameter values for the transport variable.
Given this approach we can write the normalized profit for a representative firm in sector or region m, using standard symmetry condition 
where M is the number of sectors or regions, and i and j are sub-indices 
The econometric specification includes error terms in the profit, supply, and demand functions described above (which are assumed to have white noise properties). By adding a stochastic term to equations (4)-(6), we have a system that can be estimated with standard techniques such as seemingly unrelated equations (SURE) or full information maximum likelihood (FIML); see for example Greene (1993) . In the estimations we Given (4) - (6), it is straightforward to define the price elasticities for sector or region m as:
Equations (7)- (10) define the demand elasticities, the supply elasticity with respect to input prices, and the own price supply elasticity.
From theory it follows that the own price supply effect is positive, whereas the effect on supply from an increase in any input price is negative.
The own price demand effect is negative, whereas the cross price effects cannot be determined a priori. It should be noted that equation (1)- (3) are derived under the assumption that all inputs are flexible. Among other things, this implies that the capital stock is allowed to adjust without lag as a result of price changes. Thus, the model may be viewed as a long run model.
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6 Or more specifically, the model does not distinguish between short run and long run. 
Data
The data set is a plant level unbalanced panel covering the 1990-2001 period. It contains plants with more than five employees and includes plant level data on output (sales), input data on (quantities and values) labor, electricity and fuels used, gross investment, and transport costs. 7 In the official data on transport costs there is no disaggregating between modes of transportation.
Since our purpose is to analyze how firms in industries and regions react to road transport price increases we need to handle this shortcoming in some way. We choose to scale the total transport costs according to information on the average share of road transports that are used in respective industry before using the data for our estimation purposes.
The proxy for transport demand is constructed by dividing transport costs by a price index for heavy vehicle transports (more on this index below). Fuels are aggregated into a single variable (70-80 per cent fossil fuels in the aggregate variable). Capital stocks are calculated residually from other data available; value added, cost of capital, and salary paid to employees. Assuming that value added is compensation to labor and capital (salaries plus capital costs), we can extract the capital stock residually.
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Output price indices are sector specific, and firm specific input prices are calculated from the costs for labor, electricity, and fuels. Price of transports and capital are not firm specific. The calculations of these indices 7 It should be mentioned that we have excluded the observations of firms reporting no costs for transportation. The reason is that transport costs for these firms most probably are embedded in other production costs (fuel, labor, capital) or that the transports are so-called "in-house" as opposed to "for-hire". However, we cannot readily assume that the remaining observations are free of "in-house" transports.
, compensation to primary factors of production. rates. The depreciation rates used are 8.7 per cent for machinery and 2.9 per cent for buildings (the two main components of gross investments).
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In sum, firms produce a sector specific output, and use labor, capital, electricity, fuel, and road transports as inputs. Firms are faced with an output price at the sector level, but pay firm specific prices for labor, electricity, and fuels. Prices of capital and transports are on a sector and national level, respectively.
Selected descriptive statistics of the data used in our analysis are presented in Figure 1 to 3 (see also Table A1 and A2 for cost shares, s, for the input factors by industry and region). From Figure 1 , which depicts road 9 The weights were supplied by Sebastian Bäckström, WSP Analysis & Strategy, and are based on the cost of operating a heavy vehicle in road transportation. See Bjørner (1999) for a study estimating freight transport using aggregate quarterly time series, which use a similar price index as a measure of freight transport. 10 See for example Jorgenson (1963 ) or Nickell (1978 for a discussion and derivation of user cost of capital. 11 These rates are based on estimations from Swedish industry data in King and Fullerton (1984) and Bergman (1996) . should be stressed that there also is a variation between firms in every industry, a fact that is explicitly handled in our empirical approach.
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In Figure 2 and 3 we see how industry sales and employment is distributed between sectors and regions, respectively. As can be seen, the general pattern to be found is that the variation is larger between industries than between regions.
>>> Figure 1 to 3 about here 3.0 Results
In Table A1 and A2 in the Appendix elasticity matrices of factor demand price elasticities based on parameter estimates made using Full
Information Maximum Likelihood, FIML, for each industry and region are presented. 13 We also present how input demand changes when output price increases, and how output changes when cost of production increases (input prices changes). The elasticities should be read as, for instance, a 10 percent cost increase of for road transport, p t , for the Mining industry (not iron ore)
implies that the demand for road transport, T, decrease by 5.2 percent. A star (*) implies that the elasticity is calculated on statistically significant 12 It should also be mentioned that the proposed kilometre tax will not be levied on private roads in the countryside. This fact implies an over estimation of the effect of an introduction of a kilometre tax when later in the paper simulate effects. In general this over-estimation is small and can be disregarded but can be of importance for some of the transports in the mentioned industries (e.g. mining, wood, and pulp-and paper), for instance where road transports of metal ore to a large extent is conducted within the realms of the mine. 13 Parameter estimates are available upon request. Statistical significance of the elasicities are calculated using the delta method, which should do an adequate work since elasticities are linear functions of the parameters. Furthermore, the elasticities make up a complete description of the technology in each sector or region, which makes it easy to immediately get an overlook of whether the properties postulated by theory are present in the profit function.
We see, as expected, that when output price increases, then production increases, and hence the factor demand increases as well.
Moreover, we also see that increasing factor prices imply a decrease in production. Output elasticities are based on more aggregate data as the output prices are not firm specific, which also implies that these are more uncertain (relative to the factor demand price elasticities).
For industries, the statistically significant own price elasticities are all, as expected, negative, that is the higher the input price, the less the firm uses this particular input. The own price elasticity of road transportation is significant for three industries: Stone and non-metal mineral industry, food industry, and the wood industry. It can also be noted the elasticities are large; indicating the demand for road transports is highly sensitive to price to price changes even though there are no effects on industry level. It should also be noted that the own price elasticities are typically more often significant for other input factors than transport. Our interpretation of this result is that it reflects that the variation between firms are small when it comes to transport price (to a large extent driven by the need for us to use a nation wide road transport prices).
For regions, it can be noted that road transport prices changes, with a few exceptions, do not seem to affect factor demand. Regarding the negative own price elasticities, these are with transport being the notable exception, statistically significant. It should be remembered that the results on regions includes all firms, i.e. also those with low road transport costs shares, which may explain this finding.
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14 To compare, in the survey by Oum et al. (1992) the elasticities for paper, plastic, and rubber products, and wood and wood products are -1.05 and between -0.56 and -1.55, respectively. In a more recent survey of estimates of price elasticity on the demand for road freight, Graham and Glaister (2002) report a mean of -1.07 based on 143 estimates. Hence, our estimates are in the same range. It should, however, be noted that data and exact NACE classification differ. Direct comparisons are therefore difficult to make. 15 Disaggregating the regional data into sectors and/or impose a transport cost share "floor" was not possible due to estimation problems (too little data in some sectors). Moreover, we have only considered road transport costs. The possibility to switch to other transport solutions is hence not explicitly accounted for. Furthermore, a switch to other transport modes can be assumed to imply an increase in total production costs, even though the increase is smaller compared to "sticking with" road transports. Hence, the calculations do not reflect all production costs. This warrants complementary research on mode choices and transport solutions in the manufacturing industry, for example using results from SIKA's Samgods model (SIKA, 2004) . 16 In fact, the results in Östblom and Hammar (2007) that analyzed the effects of a kilometer tax on the Swedish economy in a CGE-framework, indicate that the effect on industry structure is quite modest (less than 0.5 percent in terms of changes in value added for the 10 percent scenario below) for industries that have low transport cost shares. In addition to correct behavior, a kilometer tax also raises revenues that may be used for lowering distortionary taxes (or for public investments that increases productivity). We have analyzed the effects of implementing the kilometer tax but not how those revenues could be put to use. If the revenues are used to lower distortionary taxes, as for example income taxes, the effects on production might be positive in total.
We simulate, for each industry sector, two levels of kilometer tax: low and high. The assumption is that the price of road transportation increases by 10 or 30 per cent. However, two things should be mentioned Remember that all simulation results presented in the following section are to be considered long run effects. Changes in production are a result of changes in the input mix, which in turn are due to kilometer tax induced increases in road transportation prices. It should also be mentioned that supposedly small effects on the industry level might imply large effects on the local and/or firm level.
Effects on industries
The simulation results in Table 2 show a large variation between industries and that a kilometer tax will decrease road transport demand; effects are roughly cut in half for the low level scenario. We also see that effects on production at industry level are small relative to the effects on transportation and other input factors. Still, a production decrease of between one and two per cent can imply large effects on regional and/or firm level, and can be interpreted as an indication of downsizing in these industries.
Moreover, we see that in four out of the nine industries in Table 2 the demand for labor increase. At the same time these four industries decrease their investment, indicating a structural change towards a more labor intensive manufacturing industry. The pattern is reversed in the five industries that decrease labor, i.e. these already capital intensive sectors increase their capital intensity.
The food industry is of large concern due to the large share of employment, industry sales and high road transport cost shares. As can be seen in Figure 4 industry sales will only decrease with less than one percent in the high level scenario, while employment seem to increase, however. Finally, note that for those sectors where the assumptions on competitive input or output markets might be questioned, the effects on production and employment of higher road transport prices will generally be smaller.
>>> Table 2 . about here
Conclusions
The results in this paper show that road transport prices affect the use of production factors, while the effect is less pronounced in terms of changes in output. It also seems clear that road transport is responsive (but inelastic) to changes in road transport prices, and that this responsiveness is large relative to other production factors. We can also conclude that the same increase in road transport prices will affect input demand and production among industries with high road transport cost shares.
On a general note, the effect of a kilometer tax on a particular firm will depend on the size of the road transport cost share and the possibility to substitute to other production factors. Firms with small road transport cost shares should be able to accommodate for a kilometer tax, while firms that are heavily reliant on road freight may downsize, or even shut down. The industries that can expect relatively large production losses (above 1 % at a high level of a potential kilometer tax) are the stone and non-metal mineral industry.
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